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Figure S1. HPLC chromatograms of the flavonoid and phenolic acid profiles of Chrysanthemum cultivars detected
at 280 nm. (A) The original cultivar ‘Noble Wine” and its y-irradiated mutant lines ARTI-Dark Chocolate’ (50 Gy),
‘ARTI-Dark Chocolate’ (50 Gy), ‘ARTI-Purple Lady’ (30 Gy), and ‘ARTI-Yellow Star’ (50 Gy); (B) the original cultivar
‘Pinky” and its y-irradiated mutant lines ‘ARTI-Red Star’ (50 Gy) and ‘ARTI-Rising Sun’ (30 Gy); (C) the original
cultivar ‘Argus’ and its y-irradiated mutant lines ‘ARTI-Purple’ (40 Gy) and ‘ARTI-Queen’ (30 Gy); (D) the original
cultivar ‘Plaisir d'amour” and its y-irradiated mutant line ARTI-Rollypop” (70 Gy). Peak identity: 1, chlorogenic
acid; 2, luteolin-7-O-B-glucoside; 3, 3,5-dicaffeoylquinic acid; 4, apigenin-7-O-f-glucoside; 5, linarin; 6, acacetin-7-
O-B-glucoside; 7, luteolin; 8, apigenin.
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Figure S2. HPLC chromatograms of the anthocyanin profiles of Chrysanthemum cultivars detected at 520 nm. (A)
The original cultivar ‘Noble Wine’ and its y-irradiated mutant lines "ARTI-Dark Chocolate’ (50 Gy), "ARTI-Dark
Chocolate’ (50 Gy), ‘ARTI-Purple Lady’ (30 Gy), and ‘ARTI-Yellow Star’ (50 Gy); (B) the original cultivar ‘Pinky” and
its y-irradiated mutant lines ‘ARTI-Red Star’ (50 Gy) and ‘ARTI-Rising Sun’ (30 Gy); (C) the original cultivar ‘Argus’
and its y-irradiated mutant lines ARTI-Purple’ (40 Gy) and "ARTI-Queen’ (30 Gy); (D) the original cultivar ‘Plaisir
d’amour’ and its y-irradiated mutant line ‘ARTI-Rollypop’ (70 Gy). Peak identity: 1, cyanidin-3-O-glucoside; 2,

cyanidin-3-O-(6"-malonylglucoside); 3, cyanidin.
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Figure S3. HPLC chromatograms of the cartotenoid profiles of Chrysanthemum cultivars detected at 450 nm. (A)
The original cultivar ‘Noble Wine” and its y-irradiated mutant lines "ARTI-Dark Chocolate’ (50 Gy), "ARTI-Dark
Chocolate’ (50 Gy), "ARTI-Purple Lady’ (30 Gy), and ‘ARTI-Yellow Star’ (50 Gy); (B) the original cultivar ‘Pinky” and
its y-irradiated mutant lines ‘ARTI-Red Star’ (50 Gy) and ‘ARTI-Rising Sun’ (30 Gy); (C) the original cultivar ‘Argus’
and its y-irradiated mutant lines ‘ARTI-Purple’ (40 Gy) and “ARTI-Queen’ (30 Gy); (D) the original cultivar ‘Plaisir
d’amour’ and its y-irradiated mutant line "ARTI-Rollypop’ (70 Gy).



6 32 39 |43 a8 ls B 43 38

32 bt D 6 |

43 4 31 39 43 gg |

. 6 39 J [+ }
18 46 5 3 e [ 53 ‘

. 16 45 | 46 |
o e AR SO LN PR J‘;. i e s e N E e 7 o SR8 VOV UOF B IR

39 4
’ R - NI s |
. 7 12 2 31 1 a &5 . 7 22 31 4546 ‘ |
e | RIS SIS SN TS ) “’.‘1‘ A ,\._‘,-1173,,@ im0 V| ORIV, | O N .A.._u..L,,.. 2l -L-.Lz-f“‘-,-s-—wdw—*‘

g a3 a8 i 3 a8 1
“4 E 31 "I F 1
: | | 39 ‘
2 39 45 53 | 13 22 30 4546 53 |
B e T o e RV B Y| 78 e ] e
e T T AP/ NPIALY TR (¥ AU G Vv G G U B0 SO0 U i b | P W RS U0 RGP TOD1 N VA WO BV O W B0 L
i o) 145 3 43 a3
4
141G 9548 “H [ I
ot NI | 31 “9 53 |
- |
z 2 l 1 41| 45 jgss 56| . J J 45“slaso ks |
M‘“‘“‘ el e A e *k LIRS M e SRR o Yo S Y S
3/, 43 I s
I 48 49 [1JF 39 43 48 1
; 53
ot 5 [ a1 46 || s1 |
bttt o) #lglf Ll
e MU RS RN A PO O U RO VRSO0 o 10 i SOV e S L S WA S Ml Mt

39 e 3 4

Figure S4. GC-MS chromatograms of the top ten constituents identified in volatile compounds of the
Chrysanthemum cultivars. (A) ‘Noble Wine’ (control); (B) ‘ARTI-Dark Chocolate” (50 Gy); (C) ‘ARTI-
Purple Lady’ (30 Gy); (D) ‘ARTI-Yellow Star” (50 Gy); (E) ‘Pinky’ (control); (F) ‘ARTI-Red Star” (50 Gy);
(G) ‘ARTI-Rising Sun’ (30 Gy); (H) ‘Argus’ (control); (I) "ARTI-Purple’ (40 Gy); (J) "ARTI-Queen’ (30 Gy);
(K) ‘Plaisir d’amour’ (control); (L) ‘ARTI-Lollipop’ (70 Gy). Peak identity: 6, Camphor; 7, 1,7,7-

Trimethylbicyclo[2.2.1]Theptan-2-ol; 12, Bornyl acetate; 13, 1-Ethenyl-1-methyl-2,4-bis(1-
methylethenyl)cyclohexane; 16, 7,11-Dimethyl-3-methylene-1,6,10-dodecatriene; 18, 1-Methyl-5-
methylene-8-(1-methylethyl)-1,6-cyclodecadiene; 22, 3-(1,5-Dimethyl-4-hexenyl)-6-

methylenecyclohexene; 30, 1-Phenyl-I-nonyne; 31, a-2-Dimethyl-2-(4-methyl-3-pentenyl)-
cyclopropanemethanol; 32, trans-3(10)-Caren-2-ol; 39, 2-Methyleicosane; 41, Heptacosane; 43, 2-Methyl-
nonadecane; 45, 2-Methyltetracosane; 46, Squalene; 48, 7-Hexyleicosane; 49, Squalene oxide; 50, 11-
Decyltetracosane; 51, 9-(3,3-Dimethyloxiran-2-yl)-2,7-dimethylnona-2,6-dien-1-ol; 53, 9-
Octylheptadecane; 54, Z-12-Pentacosene; 55, br-a-tocopherol; 56, 2,2,4-Trimethyl-3-(3,8,12,16-
tetramethyl-heptadeca-3,7,11,15-tetraenyl)-cyclohexanol; 57, cis-2-Methyl-7-octadecene; NI, not
identified.



Table S1. Volatile constituents in the flowers of the twelve chrysanthemum cultivars.

Retentio Molecul Similari Group I Group IT Group IIT Group VI
No. e;:\e n Compound names Fm::l:' '":i/‘:"ty Noble Win ARTI-Dark ARTI- ARTI- Pink ARTI-Red ARTI- . ARTI- ARTI- Plaisir ARTI-
i onle N Chocolate Purple Lady Yellow Star Y Star Rising Sun gus Purple Queen d’amour Rollipop
1 11.37 2,4-Dimethylhexane CsHis 91 038 be 016 < 028 be 000 d 000 d 000 d 000 d 083 a 02 o 042 b 000 o 010 o
2 11.40 Decane CicHzz 93 000 b 015 b 000 b 000 b 041 a 000 b 000 b 000 b 051 a 000 b 000 b 000 b
3 12.38 Eucalyptol CicHisO 91 046 b 116 a 000 ¢ 043 b 000 c 000 ¢ 000 ¢ 039 b 020 c 060 b 058 b 109 a
4 13.32 4-Methyl-1-undecene CisHs 90 000 b 015 b 021 b 000 b 084 a 000 b 000 b 000 b 018 b 000 b 000 b 000 b
5 15.30 2,6-Dimethyl-3,5-heptadien-2-ol CsHiO 93 000 ¢ 055 a 000 ¢ 000 ¢ 000 ¢ 000 ¢ 000 ¢ 000 ¢ 000 ¢ 041 b 000 ¢ 000 ¢
6 16.13 Camphor CicHiO 92 940 a 175 b 717 a 978 a 000 ¢ 109 b 115 b 041 ¢ 000 ¢ 027 ¢ 000 ¢ 000 ¢
17,7- 91
7 16.92 Trimethylbicyclo[2.2.1 Jheptan-2- CicHisO 029 ¢ 000 d 039 ¢ 000 d 000 d 160 b 15 b 000 d 000 d 000 d 178 b 210 a
ol
8 17.51 Methyl salicylate CsHLOs 91 068 o 048 de 060 o 000 f 142 a 034 e 076  be 123 a 095 b 044 de 08  bc 056 od
9 19.22 _ 13BisLL- CuiHz 0 050  be 017 018 o 000 d 117 a 000 d 060 b 108 a 045  bc 050  be 062 be 053 be
dimethylethyl)benzene
2,6,6-Trimethyl- 92
10 19.51 bicyclo[3.1.1]hept-2-en-4-ol CiHaOs 000 b 000 b 000 b 000 b 000 b 000 b 000 b 09 a 000 b 083 a 000 b 000 b
acetate
11 20.02 2,6-Methyldecane Ci2Has 90 0.15 de 0.17 de 0.17 de 0.00 e 0.89 a 0.00 e 0.57 be 0.82 ab 0.35 od 0.20 de 0.71 c 0.25 de
12 2032 Bornyl acetate CiHuO: 91 049 ¢ 000 d 020 d 085 ¢ 000 d 000 d 000 d 000 d 018 d 000 d 255 b 407 a
13 2333 1-Ethenyl-1-methyl- 2,4 bis(1- CisHa 92 042 d 000 f 028 ef 000 f 051  de 278 a 11 b 062 cod 000 f 091 be 083 od 074 od
methylethenyl)cyclohexane
14 23.62 4,8Dimethyltridecane CisHz 90 043 d 021 e 028 de 000 f 101 a 000 f 060 ¢ 081 b 061 ¢ 03 de 051 d 039 d
15 2417 cis-a-Bisabolene CisHa 90 100 a 065 ab 106 a 127 a 000 b 000 b 000 b 000 b 000 b 000 b 000 b 000 b
16 25.02 711-Dimethyl-3-methylene- CisHa % 19 a 076 b 191 a 237 a 000 b 021 b 000 b 000 b 024 b 081 b 000 b 034 b
1,6,10-dodecatriene
17 25.60 Caryophyllene CisHas 92 0.00 c 0.00 c 0.00 c 0.00 c 0.00 c 0.00 c 0.00 c 0.00 c 0.33 b 0.69 a 0.00 c 0.00 c
18 25.82 1-Methyl-5-methylene-8-(1- CisHa 0 19  ab 243 ab 248 a 251 a 102 od 135 be 000 e 068 de 000 e 028 de 000 e 078  de
methylethyl)-1,6-cyclodecadiene
19 25.93 2,3,6,7-Tetramethyl-octane CiaHos 90 028 ¢ 031 ¢ 000 d 000 d 094 a 000 d 000 d 084 ab 046  be 023« 110 ab 037 <
20 26.02 (Z,2)-a-Farnesene CisHa % 000 e 084 ¢ 027 d 028 d 073 ¢ 147 a 085 ¢ 026 d 035 d 123 b 000 e 063
21 2638 a-Farnesene CisHs 91 000 d 093 a 000 d 000 d 000 d 000 d 000 d 000 d 000 d 059 b 000 d 042
2 26,91 3-(1,5-Dimethyl-4-hexenyl)-6- CisHa %0 152 de 290 ab 171 o 107 de 193 ¢ 306 a 155  de 063 f 000 g 088  ef 165 de 223 be
methylenecyclohexene
trans-3,6-Diethyl-3,6- 91
23 28.70 dimethyltricyclo[3.1.0.0(24)]hexa CiHz 000 e 034 d 000 e 000 e 000 e 072 a 049 ¢ 000 e 000 e 062 b 000 e 036 d
ne
24 3022 Octahydro-1,49,5-tetramethyl- CisHas %0 000 d 000 d 000 d 000 d 076 ¢ 128 a 078 be 070 d 000 d 08 b 000 d 000 d
1H-3a,7-methanoazulene
25 33.25 9,12-Octadecadienoyl chloride CiHCIO 91 039 a 000 b 000 b 034 a 000 b 000 b 000 b 000 b 000 b 000 b 000 b 000 b
26 3333 1-Octadecene CisHise 92 079 054 de 054 de 030 e 12 a 09  be 117 ab 115 ab 074 od 066 d 078 o 051  de
27 33.48 2,6,11-Trimethyldodecan, CisHz 9% 000 b 000 b 000 b 000 b 028 a 000 b 000 b 000 b 000 b 000 b 000 b 000 b
28 3424 Cyclopentadecanol CisHnO 92 000 b 000 b 000 b 028 a 000 b 000 b 000 b 000 b 000 b 000 b 000 b 000 b
29 35.00 a-Bisabolol CisHz0 90 122 a 000 ¢ 124 a 073 b 092 b 000 ¢ 000 ¢ 000 ¢ 020 ¢ 000 ¢ 000 ¢ 000 ¢
30 3534 1-Phenyl-1-nonyne CisHz 91 019 d 088 b 056 ¢ 000 d 09 b 203 a 086 a 000 d 000 d 000 d 000 d 058
31 3619 a-2-Dimethyl-2-(4-methyl-5- CiHzO 0 000 ab 636 bc 000 f B2, 1297 e 1025, g2 ab 705 ab 720 ab 377 d 274 e 332 o
pentenyl)-cyclopropanemethanol 2 4 0
2 18. 27
32 36.24 trans-3(10)-Caren-2-0l CioHi0 o 8 (1) b 000 ¢ , a 000 ¢ 000 ¢ 000 ¢ 000 ¢ 000 ¢ 000 c 000 000 c 000
3 39.69 Octadecane Cisss 9% 000 e 072« 026 d 000 e 000 e 000 e 107 a 000 e 000 e 000 e 13 a 088 b
34 39.81 2,6-Dimethyl-1,7-octadien-3-ol CicHisO 92 000 b 000 b 000 b 000 b 000 b 054 a 000 b 000 b 000 b 000 b 000 b 000 b
35 4146 Cycloeicosane CacHio 9% 021 d 037 018 d 000 e 090 a 023 de 049 be 066 b 062 be 041 o 058  be 019 d
36 4156 2,33-Trimethyl-octane CurHs 91 000 b 000 b 000 b 000 b 000 b 000 b 000 b 000 b 000 b 000 b 000 a 013 a
37 4338 2-Methyleicosane CaHu 9% 000 b 000 b 000 b 000 b 000 b 041 a 000 b 000 b 000 b 059 a 000 b 000 b
38 4619 2-Methyltricosane CaiHio 93 000 ¢ 000 ¢ 000 ¢ 000 ¢ 000 ¢ 000 ¢ 000 c 000 c 000 c 000 087 a 082 b
39 46.80 2-Methyleicosane CarHa % 12‘3 c 653 e 724 e 14‘? b 43 f 430 f 10‘3 d 14';’ b 15'§ b 10'(27 d ZZ'Z a 15; b
40 4724 Diisooctyl phthalate CasHiOs 9% 030 a 000 b 000 b 000 b 000 b 000 b 000 b 000 b 000 b 000 b 000 b 000 b
41 48.41 Heptacosane CoHse 91 0.72 be 1.34 be 0.50 c 0.99 be 1.58 be 0.67 c 167 be 0.88 be 1.74 a 1.24 be 2.06 a 112 be
2 4938 2,21-Dimethyldocosane CaiHso 90 063 ab 032 b 062 b 075 ab 000 ¢ 067 ab 000 ¢ 087 ab 018 b 018 b 110 a 091 ab
95 135 17.7 10.3 15.6 17.1 137 165 143 148 115 17.6 13.0
43 50.00 2-Methylnonadecane CaHa 0 cod 9 a v e 5 ab 5 a 3 cd 5 ab v be 7 be 3 d > ab 7 cd
44 51.10 9-Octadecenamide CisH=NO 91 000 ¢ 035 ¢ 136 b 000 ¢ 426 a 000 c 148 b 078 b 000 c 068 b 000 b 143 b



45 51.45 2-Methyltetracosane CasHs2 90 177 d 2.16 cd 3.17 cd 147 d 6.91 a 5.14 b 3.61 be 2.59 od 1.38 d 1.47 d 145 d 5.05 b

46 51.61 Squalene CaoHso 91 134 cd 1.28 cd 2.64 be 1.59 cd 0.00 e 5.60 a 0.78 d 1.61 cd 215 be 3.82 ab 0.50 d 3.83 ab

47 52.37 2,21-Dimethyldocosane CaHso 90 0.00 d 0.00 d 0.00 d 0.14 c 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d 0.48 b 0.62 a

48 52.94 7-Hexyleicosane CasHs % 12'3 de 20'; a 10'2 de 15'; be 16'? b 14? od 14'3 od 15'(1] be 14'(1) od 12'3 de M'i od 13'3 od

. 91 122 15.3

49 53.34 Squalene oxide CsoHso 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d 6.31 c 9 b 8 a 0.00 d 0.00 d

50 54.96 11-decyltetracosane CasHn 92 0.82 de 137 be 0.78 ef 0.93 de 113 cd 0.98 de 118 cd 156 b 2.32 a 2.03 a 0.64 ef 0.71 ef

51 54.96 9-(3,3-Dimethyloxiran-2-yl)-2,7- CisHzOn 0 000 ¢ 000 ¢ 000 ¢ 000 ¢ 000 ¢ 000 c 000 c 148 b 431 a 423 a 000 000
dimethylnona-2,6-dien-1-ol

52 55.27 6-methyltridecane CusHsxo 92 0.00 d 0.00 d 0.00 d 0.00 d 148 a 0.95 b 0.95 b 0.00 d 0.00 d 0.00 d 0.00 d 0.47 c

53 55.71 9-octylheptadecane CasHs2 94 4.65 d 6.66 b 4.50 d 5.83 be 491 cd 3.83 d 4.36 d 8.66 a 8.28 a 7.76 a 4.22 cd 5.96 be

54 55.80 Z-12-Pentacosene CasHso 90 0.00 c 1.37 a 0.00 c 0.00 c 0.00 c 0.60 be 0.56 be 172 a 1.61 a 0.72 b 0.00 c 0.39 be

55 56.56 pL-a-tocopherol C29Hw002 90 1.65 b 148 b 1.88 ab 2.57 a 0.73 cd 119 be 171 b 0.00 e 0.48 de 1.67 b 2.00 ab 1.94 ab
2,2 4-Trimethyl-3-(3,8,12,16-

56 58.48 tetramethyl-heptadeca-3,7,11,15- CaH=0 91 0.00 d 2.32 a 1.34 b 0.00 d 0.57 c 1.39 b 2.71 a 0.00 d 0.00 d 0.00 d 0.60 c 1.24 b

tetraenyl)-cyclohexanol
57 59.23 cis-2-Methyl-7-octadecene CioHss 92 0.51 b 0.62 b 1.54 ab 110 ab 0.63 b 0.79 ab 0.00 c 113 ab 0.00 c 1.68 a 0.00 c 0.65 b
Total 91.55 86.8 89.6 94.48 89.42 82.32 82.23 90.81 92.93 91.61 85.02 87.07

! Mean separation within columns by Ducan’s Multiple Range Tests (p<0.05)



